The goal of the study was to map the blood serum concentrations of thyroid hormones in various age categories in cattle, small ruminants, and swine. Blood serum concentrations of TSH, T 4 , and T 3 were analysed in randomly selected healthy animals of various species and age. Age-dependent changes of thyroid hormones were studied in 7 clinically healthy calves during the first 6 months of life. The observation started at the age of one month (body weight 45 -51 kg). A similar study was done in 9 sucking piglets since birth to 9 weeks of age (weaning at 35 days). Blood samples were taken every week. In calves, heifers, and dairy cows we recorded significant differences in T 4 and T 3 values with the highest levels in heifers (p<0.05). The hormones mean concentrations in sheep, goats, and swine corresponded to data reported by other researchers. Within age dependent studies, mean concentrations of TSH showed no significant changes, however, most of the samples showed concentrations below the detection limit of the assay. In the third month close to weaning we found significantly lower serum T 4 concentrations (p<0.05), compared with the initial value. Similar, but however insignificant decrease was observed for T 3 concentrations. In the piglets, both T 4 and T 3 concentrations showed a significant (p<0.001) decrease during the study with the highest mean concentrations of T 3 and T 4 in the youngest piglets. After weaning, both in calves and piglets concentrations of the hormones slightly increased.
INTRODUCTION
Monitoring of iodine status in the human population is inevitable for establishing of national IDD (iodine deficiency disorders) national control programmes. These consist of three major parts, including analyses of TSH and thyroid hormones in the blood serum. Similarly, plasma thyroxin levels (T 4 ) are also used for iodine status assessment in cattle (Hemingway et al., 2001) .
Concentrations of thyroidal hormones in the blood serum (plasma) are not routinely used as indices of iodine status and thyroid function because of labour input (sample collection and processing, laboratory analyses). However, it should be kept in mind that the final objective of correction of iodine deficiency is not only to increase the access of the population to iodized salt and to normalize the urinary iodine concentration; but the goal is mostly to normalize thyroid function (Delange, 2002) .
Increased serum TSH levels, except extreme cases, indicate an insufficiency in the saturation of T 3 receptors in the brain, regardless the level of serum thyroid hormones. Therefore, elevated serum TSH indicates potential risk of iodine deficiency on brain development in newborns (Delange, 1998) .
Serum T 4 and T 3 are less specific indicators of iodine deficiency because they are modified usually only in conditions of at least moderate iodine deficiency (WHO, UNICEF and ICCIDD, 2001) . Moreover, these levels are largely influenced by age and sex (Delange, 2000) . It is known that age-related changes in metabolism of T 3 and T 4 may affect the activity of thyroid hormones during development. During the critical period of brain maturation in mammals, T 3 metabolism reaches the highest levels (Naidoo and Timiras, 1979) . On the other hand, ageing reduces conversion T 4 to T 3 in the liver and brain (Margarity et al., 1985) . These alterations in thyroid metabolism may be responsible for suboptimum thyroid status during ageing (Latham and Tseng, 1985) .
In moderate and severe iodine deficiency, serum T 4 is low but T 3 is variable, occasionally high due to preferential T 3 secretion by the thyroid. Elevated serum T 3 in spite of low serum T 4 is considered as a protective mechanism to most parts of the body, except the brain, where T 3 is produced locally and not derived from the circulating T 3 (Silva et al., 1978) . A biochemical picture associating elevated serum TSH in spite of normal serum T 4 and T 3 is called subclinical hypothyroidism while overt hypothyroidism associates elevated TSH and low T 4 with variable levels of T 3 .
Evaluation of thyroid hormones in animals is problematic. Blood concentrations of thyroid hormones are extremely variable. Moreover, it is quite difficult to compare sporadic data from various authors because of different conditions and analytical methods (Todini, 2007) .
Regarding the aforementioned, this study was aimed at the determination of TSH, T 4 , and T 3 in the blood serum in various age categories of cattle, small ruminants, and swine. In the second part of our study we investigated agedependent changes of thyroid hormones in calves and piglets.
MATERIAL AND METHODS
Blood serum concentrations of TSH, T 4 and T 3 were analysed in randomly selected animals of various species and age. Concentrations of TSH were determined in 117 dairy cows, 63 calves, 9 heifers, 14 sheep and goats, and 10 pigs; T 4 concentrations in 117 dairy cows, 63 calves, 6 heifers, 14 sheep and goats, and 10 pigs. Concentrations of T 3 were analyzed in 33 dairy cows, 12 calves, 3 heifers, 8 sheep and goats, and 7 pigs. Randomly selected animals were healthy without any sign of thyroid disorder.
Age-dependent changes of thyroid hormones were studied in 7 clinically healthy calves (3 males, 4 females, low-land black spotted and crossbreds) during the first 6 months of life. The observation started at the age of one month (body weight 45 -51 kg). The animals were kept loosely and fed whole milk twice a day. Following weaning at the age of 3 months, the calves were moved to free housing in larger groups. Blood sampling was done once a month.
A similar study was done in 9 sucking piglets since birth to 9 weeks of age (weaning at 35 days). Blood samples were taken every week.
Blood samples were collected by puncture of v. jugularis in ruminants and v. cava cranialis in pigs. The hormones TSH, T 4 a T 3 were determined by ELISA with the use of commercial ELISA kits (Human, Germany) and micro-titrimetric plates. Readings of absorbancies and calculations of the concentrations were done by automatic photometer Opsys MR (Dynex Technologies). The used analytical methods indicate the following reference ranges for humans: TSH 0.3-6.2 mIU.l -1 ; T 4 4.4 -11.6 ug.dl -1 ; T 3 -0.69 -2.02 ng.ml -1 .
The results are expressed in means (x) and standard deviations (sd). Differences between categories of cattle were compared by unpaired Student's ttest (MS Office Excel 2007). Statistical evaluation of differences in the study of age-dependent changes of thyroid hormones was done by one-way ANOVA analysis with subsequent Dunnet's test comparing all vs. the control.
RESULTS
The results of our investigation are presented in Tables 1 -7 and Figure 1 . When comparing blood serum concentrations of thyroid hormones of various age categories of cattle, we found significant differences in T 4 and T 3 values with the highest levels in heifers (p<0.05) (Tab. 2, 3). This could be probably related to lower metabolic load in heifers, which is indicated also by their lowest TSH values, although the differences were insignificant (Tab. 1, Fig 1) . Mean concentrations of thyroid hormones in small ruminants are presented in Tables 4 and 5 . The results of age-dependent changes of thyroid hormones in young calves and piglets are presented in Tables 6 and 7 . Concentrations of TSH in both calves and piglests showed no significant changes, however, most of the samples showed concentrations below the detection limit of the assay.
In the third month around calves' weaning, we found significantly lower serum T 4 concentration (p<0.05), compared with the initial value. Similar, but however insignificant decrease was observed for T 3 concentrations. After weaning, both T 4 and T 3 concentrations slightly increased ( Table 6) . Changes in T 4 concentrations during the observation period were significant (p<0.05). In piglets, both T 4 and T 3 concentrations showed a significant (p<0.001) decrease during the study, when the highest mean concentrations of T 3 and T 4 were observed in youngest piglets. Similarly to calves, after weaning, concentrations of both hormones increased slightly (Table 7 ). 
DISCUSSION
Available studies deal with concentrations of T 4 and T 3 ; therefore we have no data to compare with TSH values found in our observation. Moreover, most of samples showed concentrations below the detection limit of the assay. There is a need for species specific TSH tests. This might be useful, particularly in highyielding dairy cows. Table 8 presents concentrations of T 4 and T 3 in the blood serum of various categories of cattle, sheep, and goats published by several authors. Concentrations of T 4 and T 3 found in our observation in cattle correspond to the concentrations reported by other authors (Tiirats, 1997; Contreras et al., 1999; Gvozdi~et al., 2008; Sinka et al., 2008) . Within our observation, concentrations of T 4 and T 3 found in sheep and goats are comparable with data of various authors (Kumar et al., 1994; Lucaroni et al., 1989) .
In pigs, we found also T 4 and T 3 concentrations corresponding to published data (Table 9) .
When diagnosing long-term iodine deficiency, Whittaker (1999) suggested T 4 values below 1.56 µg.dl -1 , rather than below 3.9 µg.dl -1 . From this point of view, T 4 concentrations found in our study are sufficient as we observed a lower value only in one cow. This low value could indicate long-term iodine deficiency because plasma T 4 levels are relatively steady and do not reflect short-term changes in iodine intake. Thus, it is better to analyze plasma iodine, which reflects current iodine intake (Rogers and Mee, 1996) . However, its plasma concentrations change readily from day to day depending on dietary intake (Whittaker, 1999) . On the other hand, in pigs, Schöne et al. (1997) suggested serum concentrations of iodine and T 4 unsuited for diagnosis of iodine status as they may remain moderate even in the case of low iodine supply.
About age-dependent study of changes in thyroid hormones, in piglets we found both in T 4 and T 3 concentrations significant decrease during the study, when the highest mean concentrations of T 3 and T 4 were observed in the youngest piglets. Similarly to calves, after weaning, concentrations of both hormones slightly increased. Variations of T 3 and T 4 blood levels according to age have been described in many species including pigs. In nursed piglets, both hormone levels decrease during the first day of life (Herbein et al., 1977; Nowak, 1983; Slebodzinski and Cogiel, 1983 ) and remain fairly steady after 7-10 days of age (Slebodzinski et al., 1981; Slebodzinski, 1986 ).
According to , the thyroxinaemia of newborn piglets was twice that found in adult pigs and continued at a high level, with some variations, throughout the suckling period. By 3 weeks after weaning it had decreased, but still exceeded that found in 6-month-old feeder pigs. Slebodzinski (1979) reported plasma T 3 and T 4 levels being high in newborn piglets with dramatic decrease during the first postnatal weeks. Later on, they stabilized at levels 4 times lower than at birth.
Similarly, newborn calves show high concentrations of thyroid hormones, particularly in the first week of age, with their subsequent decreasing (Leirer and Dreschner, 1983 ). Tancin and Cupka (1991) investigated concentrations of thyroid hormones in calves within the first six months of age. During the studied period the average concentration of T 4 in the blood serum of calves ranged from 18.753 (1st day) up to 4.782 µg.dl -1 (63rd day) with the highest concentration of T 4 the first day of life. Similarly, the average concentration of T 3 ranged from 9.237 (1st day) up to 0.904 ng.ml -1 (118th day). In another study with newborn calves, Egli and Blum (1998) reported typically high levels of thyroid hormones at birth, which first rapidly and then more slowly decreased from day 0 to day 28.
Evaluation of thyroid hormones in animals is accompanied by several problems. The hormone blood concentrations are extremely variable. Moreover, data reported by various authors are obtained under different conditions and with the use of different analytical methods (Todini, 2007) . Furthermore, although T 4 and T 3 are not species specific, analyses may be influenced by blood serum composition of corresponding species (Hanauer and Schroth, 1987) .
Plasma thyroid hormones in lactating cows show circadian rhytmicity (Bitman et al., 1994; Nazifi et al., 2008) , environmental factors like ambient temperature (Pratt and Wetteman, 1986; McGuire et al., 1991) , season (Tancin, 1991) , dietary components and food intake (Awadeh et al., 1998; Richards et al., 1995; Tiirats et al., 1997; Sharma et al., 2009; Feillet, 2010) , or physical exercise. Kumar et al. (1994) compared thyroid status between goats migrating freely on mountain pasture under varying climate conditions and animals kept on farms with regular feeding and only few hours daily grazing on pasture. In the free, migratory goats they found lower TSH levels and higher concentrations of T 4 and T 3 , however, significant difference was observed only for T 4 . Farm animals were exposed to lower physical exercise and milder climate.
Positive correlation between circulating thyroid hormones and energy balance is well known in many species including cattle (Kunz and Blum, 1985; Janam et al., 1995; Leyva-Ocaricz et al., 1997; Nikoli~et al., 1997; Capuco et al., 2001; Cassar-Malek et al., 2001) . During post-partal negative energy balance (NEB), dairy cows respond by lowering T 3 and T 4 and increasing rT 3 concentrations (Ronge et al., 1988; McGuire et al., 1991) . Kapp et al. (1978) suggested an important role of endocrine disorder, particularly thyroid, in pathogenesis of liver steatosis in high-yielding Holstein-Friesian dairy cows. The authors consider "fatty liver" syndrome as a consequence of hypothyreoidosis, when insufficient thyroid function (low serum levels of T 4 and T 3 ) leads to endocrine dysfunctions, liver disorders, and frequent puerperal complications. Decrease in circulating T 4 and T 3 hormones and functionless thyroid hypertrophy was observed in dairy cows suffering from adipose-hepatic fat syndrome (Kapp et al., 1979) . Presumably, there is protein-energy (or another) deficiency accompanied by obesity. This syndrome is associated with hormonal imbalance and metabolic disorders followed by reproduction disorders (stillbirths, retained placenta, metritis, low fertility). Also in pig, there seems to be relationship between energy metabolism and thyroid hormones. Yen and Pond (1985) compared thyroid hormones in genetically obese and lean pigs. While total T 4 concentrations were in these animals similar, obese pigs showed significantly lower T 3 concentrations than lean pigs, which may be related to lower fasting heat produced in obese pigs. Wiecek et al. (2010) observed higher blood T 3 concentrations in growing pigs receiving linseed oil diets throughout fattening.
Concentrations of thyroid hormones change significantly during the reproduction cycle. In accordance with nutritional and metabolic processes in advanced pregnancy, dried cows showed high concentrations of thyroid hormones followed by significant decrease in peri-partal period. Several authors reported lower T 4 levels in the beginning of lactation (Kesler et al., 1981; Pethes et al., 1985; Tiirats, 1987 Following the aforementioned, evaluation of serum thyroid hormones requires either a strictly individual approach, or (at the level of herd diagnosis) precise specification of the selected groups of animals. Last but not least, there is a need for detailed research of thyroid disorders in farm animals under defined conditions.
